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Abstract: A statistical correlation method is used to study the effect of instahility of the calculation datum 
(used in traditional method of indirect adjustment) on calculated gravity results, using data recorded by Long-
men Mountain regional gravity network during 1996 - 2007. The result sbows that when this effect is correc-
ted, anomalous gravity changes before the 2008 Wenchuan Ms8. 0 earthquake become obvious and characteris-
tically distinctive. Thus the datum-stability problem must be considered when processing and analyzing data 
recorded by a regional gravity network. 
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1 Introduction 
Extracting precursory information related to earthquake-
preparation process from a large amount of repeatedly-
measured gravimetric data is the prerequisite for using 
gravity data to predict earthquakes. Gravity difference 
between survey segments and Gravity Relative Values 
( GRV) of the stations are two basic quantities from 
which the extraction is made. Difference between Sur-
vey Segments ( DSS) usually refers to the difference of 
gravity values between two adjacent stations in the 
gravity network. Being differential in nature, it is less 
easily disturbed, and is thus mainly applied to fault-ac-
tivity monitoring and recognition. Gravity Relative Val-
ues ( GRV) refers to the difference between the gravity 
observed at a station and the gravity datum in the 
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network. By using GRV, it is not ouly possible to stud-
y temporal variation at the station , but also may study 
the temporal and spatial gravity variation in a region by 
combining the observations at many stations located in 
that region. This method is presently preferred in stud-
ying the temporal and spatial variations of a regional 
gravity field1'·'l. However, GRV is easily disturbed by 
such factors as datum instability , size and shape of the 
gravity network, system error, and error propagation. 
The problem with datum instability comes from the fact 
that a relative stahle station selected as the reference is 
assumed to have no temporal gravity change , which is 
not true in reality. In this paper, we present a method 
to minimize the disturbance caused by the instability of 
datum in a gravity network in order to discover true re-
gional gravity changes. 
2 Longmen Mountain regional gravity 
network 
The Longmen Mountain regional gravity network con-
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sists of stations along a closed loop and a line. The sta-
tions in the loop are distributed along both sides of 
Longmenshan fault between Beichuan in the northeast 
and Yingx:iu and W enchuan in the southwest. The line 
connects the loop with the gravity-datum station in 
Chengdu ( Fig. 1 ) . 
This network was established and first surveyed in 
1996. It consisted of 29 stations initially, and some 
stations were added later without changing the network 
shape. Gravity measurements were made annually, ex-
cept in 2004 when two measurements were made. A to-
tal of 13 surveys were made up to the end of 2007 , af-
ter which the network was seriously damaged by the 
Ms8. 0 Wenchuan earthquake. 
The measurement was made with LaCoste-Romberg 
G( LCR-G) gravimeters. The measurement precision is 
better than 15 X 10-8 ms - 2 and the mean station gravity 
precision is around 15 X 10-8 ms - 2 , thus capable of 
detecting non-tidal gravity changes caused by tectonic 
activities[ 3J. 
Figure 1 Station distribution of the Longmen Mountain regional gravity network 
Table 1 Observations made at the Longmen Mountain regional gravity network (unit: 10 -s ms -l) 
Observation time Gravimeter Mean observation Gravity-value precision precision 
1996.Q5-15--Q5-17 LCR-G793, G854 12.9 17.0 
1997 .Q4-24--Q4-26 LCR-G999, G1027 12.9 16. 7 
1998.Q6-18--Q6-20 LCR-G999, G1003 10.3 13.9 
1999.Q5-30--Q6.Q1 LCR-G999, G1003 11.9 15.2 
2000.Q4-28--Q5.Q1 LCR-G829, G843 11.0 14.4 
2001.Q5-18--Q5-20 LCR-G999, G1003 12.5 16.2 
2002.Q4.Q6--Q4.Q8 LCR-G793, G854 13.8 16.3 
2003.Q4.Q1--Q4.Q4 LCR-G793, G854 12.5 15.6 
2004.Q5-15--Q5-17 LCR-G793, G1003 12.9 16.6 
2004.Q9.Q5--Q9.Q7 LCR-G793, G1003 11. 1 14.6 
2005 .Q5 .Q1--Q5 .Q4 LCR-G793, G1003 13.3 17.2 
2006.Q3-15--Q3-17 LCR-G793, G1003 11.4 14.5 
2007 .Q6-25--Q6-28 LCR-G829, G843 10. 1 12.7 
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3 Stability analysis of gravity datum 
and results 
To extract information of gravity-field changes from 
gravity data may be done in two steps: 1) pre-process-
ing and relative-gravity adjustment for the data; 2 ) 
minimizing various disturbances on gravity data, estab-
lishing gravity datum for the network , and calculating 
temporal gravity changes at individual sites during indi-
vidual surveys. Step 1 is carried out by using the 
standard LGADJ software package[ 4 ·'1 • The pre-pro-
cessing includes such corrections as solid-earth-tide 
gravity variation, atmosphere-pressure variation, linear 
scale , height of gravimeter, incidentals , and gravime-
ter drift. The relative-gravity network adjustment is 
done by using DSS data of individual stations as ele-
ments and by using classical indirect adjustment. In 
doing so, there is a need of designating a certain sta-
tion in the network with known gravity value as the da-
tum. If absolute gravity value is not known at the da-
tum station, it is usually assumed to be 0. This is the 
main method of data adjustment for almost all regional 
relative gravity networks , since there is no simultane-
ous absolute-gravity measurement with relative-gravity 
observation at the present. This practice would un-
doubtedly generate disturbance on the data of gravity-
field changes , because the earth ' s gravity field is a 
changing parameter especially in tectonically active re-
gions. However, this problem is rarely mentioned m 
the literature. It will be discussed in detail here. 
Regarding the DSS results of a gravity network , the 
gravity value at any station is related to the value at the 
datum station G~ as follows , 
c: = .1g:.o + G~ (1) 
where G~ is the gravity value of the mth station for a 
certain survey and .:1g~.o is the DSS between the mth 
station and the datum station. It is obvious that gravity 
values of all stations depend on the datum ' s gravity 
value. The effect of ignoring datum ' s variation ( by 
setting the value to 0) should not be ignored in search 
of true gravity changes in a regional gravity network. 
Now let us use the data of Longmen Mountain rela-
tive-gravimetric network as an example to illustrate the 
effect of datum variation on relative-gravity values at 
individual stations of the network through a simple cor-
relation analysis. Firstly, we adjust all gravity data of 
the 13 periods from 1996 to 2007, based on No. 1 sta-
tion ( located about 20 km from Chengdu) as datum of 
the gravity network ( with no gravity change during 
measurement periods ) . Secondly, we use the gravity 
values of the first survey in 1996 as the reference to 
calculate gravity variations at the individual stations 
and their DSS in subsequent periods. 
Figure 2 shows, as examples, individual gravity val-
ues in 1997 and 1998 relative to 1996, respectively. 
In this figure , the abscissa denotes the gravity value of 
every station relative to the datum in 1996. From figure 
2, we may see that the gravity differences basically fol-
low a zonal distribution parallel to the X axis , and 
there is a linear relation between two periods. From e-
quation ( 1) , we may derive a relation between the in-
ter-survey gravity changes at a station and the datum 
station as follow , 
(2) 
The left side of equation represents the gravity differ-
ence between two periods at the mth station; the first 
term on the right side represents the DSS difference , 
and the second term represents the same difference at 
the datum station. H we use y = c: - G~ , a" = 
(.:1g~ 0 )/G~, b, =G~ -Gi, then equation (2) can he 
rewritten as 
(3) 
Equation ( 3 ) demonstrates the statistical relation in 
figure 2 , and can be used to calculate the datum ' s 
variation. By using least-squares fit of a line through 
the differential gravity values at a station during a sur-
vey relative to the first survey, we may derive the coef-
ficient a. and the constant term b.. The coefficient 
a, represents the systematic difference of DSS and the 
constant b n represents the change of datum ' s value , 
both in the nth survey and relative to the datum value 
in 1996. Table 2 shows the results of a statistical cal-
culation of gravity data observed in the different surveys 
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in correlation with the datum. 
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Figure 2 Distribution of the individual gravity values in 
1997( 0) and 1998( b) relative to 1996, respectively 
From table 2 , we see that there are only 4 correla-
tion coefficients exceeding ± 0. 4 and they appear in 
1998-2001. This may be due to the use of different 
instruments or to Longmen Mountain ' s terrain and tec-
tonics, which may have induced gravity-field changes 
with similar system error. In view of the variety and 
complexity of causes for the system error, we do not 
discuss a,. in detail here, but will investigate briefly the 
change of datum ( b,. value) instead. We first show the 
time series of gravity datum ( after a sign change ) in 
figure 3. From this figure it may be seen that the gravi-
ty datum had a small change during 1996-2001 , and 
a larger change of about 50 x 10 -s ms -l during 2001-
2007; the largest change occurred during 2003-
2004. The pattern of these changes is similar to that of 
the absolute gravimetric data at Chengdu seismic sta-
tion in recent years[61 . If the linear trend is removed 
from the absolute gravity , there is a similar variation in 
the Chengdu time series with the largest change occur-
ring in 2003-2004. Since the Chengdu station was in-
cluded in the Longmen Mountain regional gravimetric 
network in September 2004 , and the absolute gravity 
meter was used only once in April 2007 , we cannot 
compare the two sets of data directly. However, this 
station is located less than 30 km from the datum sta-
tion (No. 1 station in the network), thus it may be as-
sumed that changes in the data recorded at both sta-
tions originated from the same source. Since the former 
is far more reliable than the latter, the similarity be-
tween the two data sets not only confirms the gravity 
changes recorded by the regional network, but also val-
idates the reliability of our statistical analysis. Both 
results show that the relative gravity datum of Longmen 
Mountain regional network is not stable , but changes 
with time. Thus this instability should be taken into ac-
count in data processing and analysis. 
4 Effects on regional gravity field 
prior to Wenchuan earthquake 
Mter taking the temporal variation of the gravity-datum 
data into account in the recalculation of the gravity 
changes during the individual surveys , we show in figure 4 
Table 2 Statistical linear correlation results of gravity data during individual surveys of the 
Longmen Mountain regional gravity network 
observation time regression parameter degree of freedom correlation coefficient relative coefficient critical value of R 
(year-month) (a) (b) (N) (R) (a0.05) 
1996.05 0.0 0. 0 25 1.00 0.398 
1997-04 -4.20 X 10-5 16.4 25 -0.17 0.398 
1998.06 -1.75 X 10-4 3.7 25 -0.52 0.398 
1999.05 -2.16x10-4 -1.3 25 -0.54 0.398 
2000-04 -2.13x10-4 4.2 25 -0.72 0.398 
2001.05 -1.60 x10-4 14.3 25 -0.48 0.398 
2002-04 -1.07 x1o-s -8.8 25 -0.04 0.398 
2003-04 -2.52 x10-5 -30.9 25 -0.09 0.398 
2004.05 8. 83 x1o-5 -36.8 25 0.32 0.398 
2004.09 1.10 x 10-s -36.8 25 0.06 0.398 
2005.05 1. 19 x 10-s -20.7 24 0.01 0.406 
2006.03 -6.96 x10-5 -16.4 24 -0.20 0.406 
2007.06 -4.87 x10-5 7.3 23 -0.12 0.414 
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Figure 3 Temporal variation of gravity datum 
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Figure 4 Temporal and spatial gravity-field changes near the Longmenshan fault zone 
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the regional gravity-field changes during every survey 
since 1996 , using the 1996 data as the reference. 
From figure 4 it is obvious that the gravity changes 
are strongly controlled by Longmenshan fault zone : 
Positive changes of relatively large amplitude occurred 
mostly on its northwestside, while negative changes of 
relatively small amplitude occurred mostly on its south-
east side. Before 2fl02, relatively laxge gravity increases, 
with largest amplitude exceeding 100 x 10 -• ms - 2 , 
persistently occurred in the northwestern part of the re-
gion , and the pattern of northwest positive changes and 
southeast negative changes persisted. Two Ms5. 0 
earthquakes occurred at Mianzhu on September 14 , 
1999 and Anxian on November 30, 1999, respective-
ly, but they did not alter the gravity situation. Howev-
er, in April 2002 the regional gravity field showed a 
big change: Not only the northwestern positive anoma-
lies vanished, but also two other local positive anoma-
lies appeared around Dujiang Weir and Beichuan. M-
ter about 4 yeaxs , in March 2006 , the regional gravity 
field returned to the previous situation of positive and 
negative changes occurring on different sides of Long-
menshan fault, as in May 2001. But the amplitudes of 
positive changes were smaller, only about 40 x 10 - 8 
ms -
2 
, while the negative changes remained about the 
same. The anomaly pattern in June 2007 remained, 
but with slightly larger positive and negative anomaly 
amplitudes. 
Based on the above-mentioned analysis, we suggest : 
( 1 ) Although the area monitored by Longmen Moun-
tain regional relative gravimetric network is not large, 
its special geographical location in the eastern maxgin 
of Tibet Plateau has enabled its data to reflect the grav-
ity changes caused by the hindrance of the eastward 
movement of Bayankala subsidiary massif by Longmen-
shan fanlt. Thus it may be considered as one of the 
windows for the margin region. We also suggest that 
the recorded gravity changes before 2002 may reflect 
the gravity response to Kunlun Mountain Ms8. 1 earth-
quake , and that the gravity changes after 2002 may re-
spond to the preparation process of the Wenchuan 
earthquake. ( 2 ) After minimizing the effect of as-
sumed zero value for the gravity datum , the regional 
gravity changes become obvious with strong characteris-
tics , thus can be treated as reliable and trnthful basic 
data for further studying the anomaly mechanism. 
5 Conclusions 
( 1 ) H no simultaneous absolute gravity measurement is 
available for use as a control , it is unreasonable to as-
sume the relative gravity datum to be invariable when 
processing data recorded by repeated measurements in 
a regional gravity network by using indirect adjustment 
method. 
( 2 ) The linear correlation analysis shows that the 
correction for the effect of datum ' s changes is reliable 
and effective. 
( 3 ) When processing and analyzing regional relative 
gravimetric data, we have to consider the stability 
problem of the relative - gravity datum. True gravity 
changes will be reliably revealed only after this effect is 
minimized. 
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